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Supplementary Materials and Methods Fig. S1 . Photoablation-guided fabrication of acellular capillary-sized microchannels. Legends for movies S1 to S10 References (61, 62) Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/6/3/eaay7243/DC1) Movie S1 (.mp4 format). Endothelial ingrowth into 20-μm capillaries between two large vessels after photoablation. Movie S2 (.mp4 format). Representative video of normal RBCs perfused through endothelialized capillaries at physiological hematocrit. Movie S3 (.mp4 format). Representative video of normal RBCs perfused through acellular collagen capillary-shaped channels at physiological hematocrit accumulating a significant amount before entering the capillary region and jetting and leading to significantly lower hematocrit into the downstream.
Movie S4 (.mp4 format). Representative video of normal RBCs stretching through capillaries (diameter, ~10 μm) when perfused at the single-cell scale. Movie S5 (.mp4 format). Representative video of normal RBCs tumbling through capillaries (diameter, ~10 μm) when perfused at the single-cell scale. Movie S6 (.mp4 format). Representative video of 2G2 IRBCs tumbling through capillaries (diameter, ~10 μm) when perfused at the single-cell scale. Movie S7 (.mp4 format). Representative video of normal RBCs perfused through the capillaries at physiological hematocrit with no cell accumulation in the lumen. Movie S8 (.mp4 format). Representative video of IT4VAR19 IRBCs perfused through the capillaries at physiological hematocrit accumulating a significant amount and blocking the capillary flow. Movie S9 (.mp4 format). Representative video of trypsinized IT4VAR19 perfused through the capillaries showing a significant decrease in cell accumulation and not blocking the capillary flow. Movie S10 (.mp4 format). Representative video of 2G2 IRBCs perfused through the capillaries at physiological hematocrit accumulating at postcapillary regions but not blocking the capillary flow.
SUPPLEMENTARY MATERIALS AND METHODS
Cell culture: HUVECs (Lonza) were cultured according to the manufacturer's guidelines using EBM Basal Medium supplemented with EGM Endothelial Cell Growth Medium SingleQuots Supplements (Lonza). For all experiments HUVECs were used between passage 3 and 7.
Fabrication of arteriole and venule sized microchannels. Lithography and injection moldingbased techniques are used to define conduits and networks in collagen gel(31). Two major steps are involved:
Step 1: PDMS micropatterned stamp fabrication. Geometry of two parallel microchannels (diameter of 200 m) with independent inlets and outlets was designed using computer-aided design software and fabricated using a standard photolithography process(31). Briefly, a silicon wafer was spin-coated with SU-8 photoresist (Microchem), soft-baked at 65ºC for 7 min, at 95ºC for 1 hr, and then cooled to 20ºC. A negative chrome photomask was placed on the spin-coated wafer, and the wafer was exposed to UV light (λ = 365 nm), then baked at 65 ºC for 19 min, at 95 ºC for 1 hr, and then cooled to 20ºC. The exposed wafer was submerged in SU-8 developer and then cleaned with isopropyl alcohol and evaporation silanized overnight with trichloro(3,3,3-trifluoropropyl)silane (Sigma). Liquid PDMS with crosslinker (Dow Corning) was mixed at 10:1 ratio and poured over the wafer pattern, cured at 65°C overnight, then peeled off the mold to generate a micropatterned stamp for vessel fabrication.
Step 2: Engineering two main arteriole or venule-sized microchannels in collagen gel. Type I collagen was isolated from rat tails, lyophilized and resuspended to a stock concentration of 15 mg/ml in 0.1% acetic acid following a standard protocol (61), then diluted with cell culture media and neutralized to 7.5 mg/ml on ice before microvessel fabrication. The two main channels within each microvessel device (lumenal diameters: ~200 μm) were fabricated using soft lithography and injection molding as previously described(31). Briefly, collagen was injected into a PEI/glutaraldehyde-treated Plexiglas housing top half that formed the negative impression of a microvessel network along with a PDMS stamp. Inlet and outlet ports were formed by inserting stainless steel dowel pins before injecting the collagen. The Plexiglas bottom half consisted of a flat layer of collagen compressed by a flat PDMS surface that was gelled on top of a standard coverslip. The collagen was allowed to gel for 30 min at 37 °C. After gelation, the PDMS pieces were removed and the two halves were brought together to seal the microchannel conduits. Culture medium was then added to the individual inlet reservoirs and incubated for 2 hr before cell seeding or preparation for multi-photon ablation to generate capillary-sized channels between two main channels.
Multi-photon ablation for the generation of acellular arteriole-capillary-venule unit.
Multiphoton photoablation was performed in collagen gel in the two parallel microchannel devices using a Mai Tai DeepSee Ti:S laser (maximum power 2.57W) coupled with an Olympus FV1000 MPE BX61 microscope fitted with a water-immersion objective lens (25x, NA = 1.05).
Microchannels and surrounding collagen regions were first identified by taking advantage of second-harmonic generation signals produced by collagen microfibers at excitation wavelength λ ex = 860 nm and detection wavelength λ detector = 420-460 nm. Individual capillary-sized channels were designed within the collagen matrix by designating 3D regions of interest using the Olympus Fluoview software then ablated by laser rastering (λ = 800 nm, I = 100%, pixel dwell time = 2 µs, 10-15 line repeat scans). Laser scanning in the X, Y, and Z dimensions were performed at ~1 µm step sizes. After the ablation, fluorescent microbeads at diameter of 0.22 m were perfused from one side of main channels across the newly created microchannels to the other side at a pressure drop of 1 cmH 2 O for 10 mins, followed by imaging for evaluation of perfusability ( fig. S1 ).
Endothelializing arteriole-capillary-venule unit:
We investigated two different procedures to form the endothelialized ACV units: i). direct cell seeding of acellular channels and ii).
endothelial cell in-growth after photoablation ( fig. S3 ). In the first approach, the acellular ACV unit is first fabricated by photoablation, followed by seeding cells into the fully acellular device through the inlets of the two main parallel channels with 10 μL injections of HUVECs at a density of 8 x 10 6 cells/mL. The seeded cells were found to start attach in the microchannels 5 mins after seeding, and all inlets and outlets were filled with media to the same height to allow firm cell attachment and sufficient media access overnight. Once the cells were attached, the devices were cultured under gravity-driven flow across the capillaries between two main channels for 7 days. To create a gravity-flow, 200 L and 180 L of culture media is placed in the two main channel inlets, to set the initial pressure drop at approximately 1 cmH 2 O, leading to a peak velocity of approximately 1 mm per sec across the ACV unit between the two main channels. The pressure drop was reset every 12 hrs to maintain flow in capillary regions.
In the second approach, the two main microchannels were first seeded with HUVECs at a density of 8 x 10 6 cells/mL and cultured for 3 days to form robust endothelialized lumen. Multiphoton photoablation was then performed to create capillary sized microchannel void spaces within the collagen scaffold between the lumenal wall of the two main vessels and ablate endothelial cells at the two end connections. For RBC isolation. Fresh normal red blood cells were used within 3 days of isolation for experiments. Fresh whole blood was drawn from consenting healthy donors, who were nonsmokers and drug and aspirin free for at least three days prior to blood donation, under protocols approved by the Institutional Review Board of the University of Washington. RBCs were isolated from whole blood by centrifugation on a Ficoll-Paque (Sigma-Aldrich; specific gravity = 1.077 g/mL) gradient at 1500 rpm for 20 mins. The platelet-rich plasma and buffy coat were removed, and the packed RBC volume was washed three times in Dulbecco's phosphate buffered saline solution (DPBS) buffer. Purity of the RBC preparation was assessed with a thick blood smear, which was fixed in 100% methanol, stained with 1x Field's stain and visualized at 40X to confirm the absence of white blood cells.
Parasite culture. P. falciparum parasite lines were cultured using anonymized human O+ type red blood cells (Valley Biomedical) in RPMI-1640 (Gibco) supplemented with 10% human type A+ serum in a gas mixture of 90% N 2 , 5% CO 2 and 5% O 2 . The knobless parasite line 2G2 was previously derived by lack of gelatin floatation followed by limited dilution cloning (40), while the IT4VAR19 line was generated after repeatedly panning on transformed human brain 
